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until it meets the impounded
water upstream of the next dam,
which creates lake-like habitat.
No longer truly riverine, the
current river is like a beaded
necklace, a set of pools
connected by remnants of the
pre-impoundment river.

The Dirty River

Although not widely discussed at
the two workshops, this
metaphor focuses on human-
induced water quality changes
associated with development and
watershed modifications. A
recent U.S. Geological Survey
report analyzes where and how
the river has become more
eutrophic, either from nutrient
laden runoff from land use activi-
ties within the basin, or from
sewage plants along the river.
Increases in a suite of other cont-
aminants also contribute to this
caricature.

Each of these caricatures suggests
aspects of the complexity of the
river and can be used in part to
judge whether the model
captures what is important about
the way the river works. They
also point out how the river has
changed and perhaps what might
be done to address those
changes. As such, they can also
be useful in helping to identify
policy-relevant resource issues on
the Upper Mississippi River.

Management Issues

The key issue for the ongoing
AEA of the Upper Mississippi is
the search for flexibility in two
sectors of the system, i.e., ecolog-
ical and economic. This assess-
ment is searching for the flexi-

bility both between and within
these two subsystems. That is,
the assessment seeks to identify
policy and management options
for reconciling economic and
ecological goals. Nested within
the range of scales of geography
over time are incredible opportu-
nities to address over-riding
economic and ecological
concerns (Figure 6).

The project entails a search for
win-win management opportuni-
ties that resolve the issues related
to river changes as described in
the metaphors mentioned above.

The management-relevant ecolog-
ical issues for the Upper
Mississippi appear to fall into two
general categories — i.e., sedi-
ment distributions and habitat
restoration. Sediment distribu-
tion has been altered in the tribu-
taries and the mainstream river.
Changes in distribution are asso-
ciated with changes in sediment
input and changes in water flow.
In the tributaries, upland prac-
tices have increased sediment
loading. Sediments tend to fill in

Figure 6

the main channel, creating
constant dredging requirements.
In the shallow areas, sediments
are resuspended by wind and
waves. Habitat changes have
been observed for a suite of
organisms, including many threat-
ened and endangered species.
Changes in vegetation patterns
have ranged from shifts in the
types of species that are domi-
nant to wholesale loss of vegeta-
tive community types. The
reversal of these unwanted
changes is at the focus of ecolog-
ical restoration in the Upper
Mississippi Basin.

The economic issues all deal with
direct use and modification of
the river to meet human needs. A
key issue is the maintenance of a
main channel for commercial
navigation. This involves channel
depth and how the depth
changes over time due to water
control, hydrologic variation, and
sedimentation. The management
of sediments from dredging has
large ecological and economic
dimensions. Another major issue
that needs to be addressed is the
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recreational use of the river and
how management and other uses
may constrain or provide oppor-
tunities for this purpose. Other
significant human uses of the
rivet, including public and indus-
trial water supplies and waste-
water assimilation, also depend
on the maintenance of adequate
water depth and quality.

Highlighting
Uncertainties

Much of the January 1997 work-
shop focused on defining and
highlighting uncertainties
surrounding these management
issues. The computer models
provided a focus for discussions
by small groups, each of which
was assighed a set of topics. The
groups discussed possible
management scenarios, indicators
and evaluators of scenarios, and
gaps or weaknesses in the
models. Several broad areas of
uncertainty emerged from these
discussions.

Hydrologic Modification

A large uncertainty has to do
with how much of the historic
hydrologic variability can be
restored, and over what time
periods proposed modifications
should be developed and evalu-
ated. Alternative shapes of hydro-
graphs also were discussed, and
questions were raised regarding
the time of year when draw-
downs or free-flow might be
attempted (winter or summer),
and how these annual objectives
would mesh with longer term
natural variations that occur over
several years. Participants also
discussed uncertainty regarding
the types of structural modifica-

tions that would allow for flexi-
bility of river uses and manage-
ment options. Some of these
alternatives for structural modifi-
cation are identified later in the
report, under the scenario devel-
opment discussion.

Sediments

Uncertainties related to sedi-
ments centered around problems
of modeling transport dynamics.
For the river system model, a
question was raised regarding
potential errors in calculating
tributary discharges based on
reported discharges at the locks
and dams, and how those errors
may propagate across river
segments or pools. Another
problem was how to distinguish
between types of sediments
carried in wash and bedloads,
and how to account for different
proportions of these materials in
different parts of the river. The
group also identified the need to
augment the model with an indi-
cator of sediment storage in each
pool.

Vegetation

The vegetation group discussed
both the testing or evaluation of
the existing model of vegetation
dynamics and the need for alter-
native models. One uncertainty
was how well predictions of the
current model agreed with
historic or observed changes in
vegetation patterns. That is, the
group was unable to test the
current set of rules, although the
model can qualitatively match
current patterns. Another gap
was how to model longer term
vegetation dynamics, especially
how communities respond to
chronic disturbances such as

flooding stress and re-establish-
ment following different levels of
flooding. Another item discussed
was the need for a nutrient
submodel, which would link
hydrology, sediments, and vegeta-
tion dynamics.

Habitats

The habitat group’s discussions
focused on weaknesses in indica-
tors. Questions arose as to
whether it would be better to
model responses of key species
or to develop habitat indicators.
Related to the development of
habitat indicators, participants
were uncertain whether enough
empirical information exists to
model habitat changes based only
on depth and duration of inunda-
tion or if other factors need to be
considered. As with the vegeta-
tion sub-group, model credibility
was a key source of uncertainty,
and participants cited the need -
to test the submodel against
historic data.

Human Uses: Navigation

and Recreation

Uncertainties related to human
activities on the river included
gaps in information and the need
to determine appropriate indica-
tors. For example, is data avail-
able to determine how different
management changes would
affect key commercial and recre-
ational uses of the river? Other
identified gaps include the need
to model negative interactions
between recreational and
commercial traffic, and a need to
accurately identify changes in
dredging requirements associated
with different management
schemes.
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Confronting
Uncertainties

In order to address the informa-
tion gaps and uncertainties
described above, workshop
participants suggested a variety
of model refinement, model
assessment, and scenario develop-
ment activities.

Model Refinement

A number of suggestions were
made regarding potential model
refinements. These involved
modifications to existing
submodels, creation of new
submodels or routines, and addi-
tions to the user interface.

One debate at the workshop was
whether to continue develop-
ment of two models (i.e., at the
pool and system scales), or to
concentrate work on a system
scale model with aggregated or
broad scale indicators for sedi-
ment, vegetation, and habitats.
This was compounded by the
difficulties of simulating the
hydrology and sediment
dynamics at a 100 meter resolu-
tion in the pool. At this spatial
resolution, the model is
extremely slow for somewhat
reliable results (on the order of
10 minutes per simulation year).
One option suggested was to use
higher powered hydraulic
models, the results of which
could then be plugged into the
pool-scale model. The debate
remains largely open, with no
selection of preference made at
the workshop.

A number of modifications were
suggested for each of the
submodels. These include:

» compiling data and building
better representations of sedi-
ment transport in the tribu-
taries;

* developing a model of sedi-
ment-landform building;

» economic assessments for
potential structural modifica-
tions (e.g., construction and
operating costs of changes to
dikes, levees, and channels);

* developing a water quality
model;

 developing stage-area relation-
ships for habitat and vegeta-
tion responses;

» compiling data on recreational
and navigational demands;

« developing composite
dredging cost curves;

* connecting pool models
together to evaluate cumula-
tive effects;

* adding remaining pools to the
river system model (i.e., Pools
11-26); and

« refining vegetation models
with other factors such as
flooding and water stresses,
nutrients, and temperature.

Workshop participants suggested
modifying the user interface to
permit comparisons among
various output maps. One
suggestion was to have the
option for simultaneous display
of three maps, where two of the
maps would represent results
under different scenarios and the
third would highlight differences
and similarities between the
other two maps. Other sugges-
tions were to have an automatic
pause at the end of a year of
simulation, and to have supple-
mental files that could be
accessed to explain aspects of
model code, functional relation-

ships, or parameters. Another
suggestion was to have the ability
to export graphics or data files
for use in other applications.

Model Assessment

A recurrent theme in the January
1997 workshop was the need to
critically evaluate or assess the
submodels. One example was
the stated need for sensitivity
analysis of the sediment compo-
nents of the pool and system
models. Participants also high-
lighted the need for the vegeta-
tion submodel to be evaluated by
people who are knowledgeable
about long term dynamics and to
be tested by compiling and
comparing model output with
historical time series data on
vegetative cover. Similar state-
ments were made about the
habitat and navigation
submodels. Several workshop
participants said they planned to
work individually and with other
colleagues to assess various
aspects of the model. A group
mailing list has been established
by the U.S. Geological Survey’s
Environmental Management
Technical Center to facilitate
communication among model
users:

umrs-aca@emtc.nbs.gov

Scenario Development
Workshop participants identified
a range of scenarios that they
would like to explore using the
UMR AEA simulation model. They
emphasized the importance of
exploring a full range of alterna-
tives, noting that the computer
model permits low-risk, low-cost
experimentation because it does
not require commitments to any
alterations in the physical world.

e
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The scenarios described below
represent general categories of
management alternatives identi-
fied by participants. In all of
these scenarios, a suite of indica-
tors would be examined. These
indicators might include changes
in pool volume, time required to
reach sediment equilibrium, vege-
tation changes, habitat suitability
plots, economic flood damage
reductions, dredging costs, recre-
ational boating, and fishing.
Using the model to explore any
specific scenarios would involve
manipulating a few key inputs
while holding a large number of
other variables constant.

¢ Basin scale modifications of
land use affecting input of
nutrients and sediments —
would attempt to determine
how surrounding land use
practices would affect
aspects of water quality and
sediment patterns in the river.

Pool drawdowns — water
level manipulation to restore
more natural variation in
water levels through seasonal
changes in stage height.
Potential manipulations
include a summer drawdown
to dry out sediments and
promote plant growth, and a
fall increase in water levels to
flood low-lying areas so fish
and waterfowl have access to
new plant growth.

Reduction of flood impacts —
would attempt to use a variety
of floodplain management
regulations and physical struc-
tures to moderate flood
impacts to developed areas.

» Extremes — could remove all
river regulatory structures to
examine restoration options,
or could significantly increase
river regulation to support
increased channel depth.

Physical modifications —
variations include increasing
spatial diversity by island
construction; adding,
removing, or notching training
structures and levees;
dredging channels deeper;
partitioning pools into more
management units; and
creating nutrient and sedi-
ment trapping structures.

Improved shipping efficiency
— could include modifica-
tions to tows and barges, alter-
native lock schedules, and
larger locks.

FUTURE WORK
AND NEXT STEPS,

Phase 11

As described earlier, the AEA
project for the Upper Mississippi
River has two objectives.
Considerable progress has been
made in the first objective - i.e.,
developing an integrated science-
based understanding of the river
as a natural system. Computer
simulation models at both a pool
and river system scale have been
developed and reviewed by
participants representing a wide
range of perspectives and exper-
tise. Participants in the January
1997 workshop recommended
that the UMR AEA go forward to
the scenario exploration phase
after some additional modifica-

tions to the model are
completed. Phase I, the scoping
of the problem and model devel-
opment, is now complete.

The next steps in the AEA
process will explore alternative
ways of reconciling the
competing demands made of the
Upper Mississippi (Figure 7).
Development of restoration
options must be articulated and
explored. As testing of the river
system and pool models
proceeds, understanding will
grow. The process must balance
precision with relevance — i.e.,
the river system is far too
complex to capture entirely on
any computer, SO we must
confine ourselves to attempting
to model the most important
factors in the key river processes
and uses. The goal of scenario
building is sustainability.
Sustainability is multi-faceted and
each individual has a unique
weighting that he or she assigns
to various ecological, economic,
and social issues. AEA attempts
to provide truly open access to
information and devices to use
information. All vested interests
are asked to contribute.

In Phase II, the AEA process
focuses on learning that sharpens
distinctions and builds clarity as
it begins to probe for flexibility
and irreversibilities. Alternative
ways of solving the river puzzle
are examined. Participants will
identify policy and management
options that achieve social,
economic, and ecological goals.
In the end, no single solution will
emerge. Instead, several
composite solutions drawn from
a variety of ideas are recognized,

!
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but the real product consists of * identification of key regional
shared insights and under- factors influencing the
standing. success or failure of these

decisions or issues;

The Phase II workshops will help identification of national and

build relationships and dialogue international driving trends
that span methods, disciplines, that could influence key
and institutions. Scenario devel- regional factors;

opment is a tool for helping the * ranking key factors and
river community take the long driving trends on degree of
view in a world of considerable importance and uncertainty;
uncertainty, building deep and ¢ selecting sound reasons for
realistic confidence based on how key economic, ecolog-
insight into possible outcomes of ical, and social variables and
our choices. Key steps in Phase interrelationships will change
II will include: in the future;

elaborating on scenarios; and
exploring implications of

« identification of central

economic, ecological, and alternative scenarios,
social issues or decisions we including vulnerabilities and
face in the foreseeable future robustness of scenarios.
on the UMR;
Figure 7

Steps in the Process—Adaptive Environmental Assessment

problem solv,ihg' =
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Attachment 1

Additional Reports Related to
UMR AEA Phase I

Adaptive Environmental Assessment, December 5-7,1995 Scoping Workshop Evaluation Summary

Upper Mississippi River Basin Adaptive Environmental Assessment and Management,Workshop 1
Report, February 1996

User's Guide to the Adaptive Environmental Assessment Models Developed for the Upper Mississippi
River, January 1997

Adaptive Environmenial Assessment, January 15-17, 1997 Workshop Evaluation Summary

(Note: Copies of these reports are available from the Upper Mississippi River Basin Association, 415
Hamm Building, 408 St. Peter Street, St. Paul, MN 55102, 612-224-2880.)
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Attachment 2

UMR AEA Workshop 1 Participants
December 5-7, 1995

Allen Anderson
Harvest States Cooperative

Phil Baumel
Iowa State University
Department of Economics

Ron Benjamin
Wisconsin Department of Natural Resources

Adele Binning
Science Museum of Minnesota

Greg Cope
National Biological Service
Upper Mississippi Science Center

Mike Davis
Minnesota Department of Natural Resources

Barry Drazkowski
National Biological Service
Environmental Management Technical Center

Jon Duyvejonck
Upper Mississippi River Conservation

Jim Eckblad
Luther College
Department of Biology

Jonathan Ela
Sierra Club
Midwest Office

Susen Fagrelius
Susen Fagrelius & Associates

Jim Fisher
Upper Mississippi River National Wildlife and Fish
Refuge

Bill Franz
U.S. Environmental Protection Agency, Region 5

Calvin Fremling

Bob Gaugush
National Biological Service
Environmental Management Technical Center

Mike Griffin
Iowa Department of Natural Resources

Lance Gunderson
University of Florida

Jon Hendrickson
U.S.Army Corps of Engineers
St. Paul District

Barry Johnson
National Biological Setrvice
Upper Mississippi Science Center

Steve Johnson
Minnesota Department of Natural Resources
Division of Waters

Dennis King
Chesapeake Biological Laboratory
University of Maryland ™

Vern Knapp
Illinois State Water Sutrvey
Sediment and Wetland Studies Office

Jim Knox
University of Wisconsin-Madison
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Josh Korman o
Ecometric Research, Inc. 5%‘
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Dan Krumholz
U.S.Army Corps of Engineers
St. Paul District

Richard Lambert
Minnesota Department of Transportation
Ports and Waterways

Tom Lange
Missouri Department of Natural Resources

Jerry Leenheer
U.S. Geological Survey

Steve Light
Minnesota Department of Natural Resources
Office of Planning

Sandra Martin
U.S.Army Corps of Engineers
‘Waterways Experiment Station

Dave McConville
Resource Studies Center
St. Mary’s University

Dan McGuiness
Minnesota-Wisconsin Boundary Area Commission

Curt Meeder
U.S.Army Corps of Engineers
St. Paul District

Terry Moe
‘Wisconsin Department of Natural Resources

Barbara Naramore
Upper Mississippi River Basin Association

Ron Nargang
Minnesota Department of Natural Resources

Dennis Neffendorf
Natural Resources Conservation Service

Garry Peterson
University of Florida

Marc Schultz
University of Wisconsin Extension
La Crosse County

Richard Sparks
Illinois Department of Natural Resources
Illinois Natural History Survey

Holly Stoerker
Upper Mississippi River Basin Association

Norm Stucky
Missouri Department of Conservation

Don Sweeney
U.S.Army Corps of Engineers
St. Louis District

Pam Thiel
U.S. Fish and Wildlife Service
La Crosse Fishery Resources Office

Stan Trimble
University of California Los Angeles
Department of Geography

Carl Walters
University of British Columbia

Gary Wege
U.S. Fish and Wildlife Service

Twin Cities Ecological Services Field Office

Keith Wendt

Minnesota Department of Natural Resources

Office of Planning
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Attachment 3

UMR AEA Workshop 2 Participants
January 15-17, 1997

Terry Becker
Riverway Barge and Towing

Ron Benjamin
Wisconsin Department of Natural Resources

Adele Binning
Science Museum of Minnesota

Mike Davis
Minnesota Department of Natural Resources

Barry Drazkowski
Resource Studies Center
St. Mary’s University

Jon Duyvejonck
Upper Mississippi River Conservation Committee

Jim Eckblad
Luther College
Department of Biology

Jonathan Ela
Sierra Club
Midwest Office

Susen Fagrelius
Susen Fagrelius & Associates

Jim Fisher
Upper Mississippi River National Wildlife and Fish
Refuge

Cal Fremling

Bob Gaugush
U.S. Geological Survey
Environmental Management Technical Center

Mike Griffin
Iowa Department of Natural Resources

Lance Gunderson
University of Florida

Dudley Hanson
U.S.Army Corps of Engineers
Rock Island District

Jon Hendrickson
U.S.Army Corps of Engineers
St. Paul District

Barry Johnson
U.S. Geological Survey
Upper Mississippi Science Center

Scot Johnson
Minnesota Department of Natural Resources
Division of Waters

Josh Korman
Ecometric Research, Inc.

\
Carl Korschgen -
U.S. Geological Survey %
Dan Krumholz i

U.S.Army Corps of Engineers %@
St. Paul District {g}
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Dick Lambert
Minnesota Department of Transportation
Ports and Waterways

Jerry Leenheer
U.S. Geological Survey

Steve Light
Minnesota Department of Natural Resources
Office of Planning

Ken Lubinski
U.S. Geological Survey
Environmental Management Technical Center

Richard Sparks
Illinois Department of Natural Resources
Illinois Natural History Survey

Holly Stoerker
Upper Mississippi River Basin Association

Norm Stucky
Missouri Department of Conservation

Pam Thiel
U.S. Fish and Wildlife Service
La Crosse Fishery Resources Office

Stan Trimble
Dave McConville University of California Los Angeles
Resource Studies Center Department of Geography
St. Mary’s University

Carl Walters

Dan McGuiness
Minnesota-Wisconsin Boundary Area Commission

Sandra Martin
U.S.Army Corps of Engineers
Waterways Experiment Station

Curt Meeder
U.S.Army Corps of Engineers
St. Paul District

Terry Moe
Wisconsin Department of Natural Resources

Barbara Naramore
Upper Mississippi River Basin Association

Lee Nelson
Upper River Services, Inc.

Kent Pehler
Brennan Marine

Bernie Schonhoff
Iowa Department of Natural Resources

Marc Schultz
University of Wisconsin Extension
La Crosse County

University of British Columbia

John Wetzel
Wisconsin Department of Natural Resources
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